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£57) A systematic con voi ul ion a[ mis riQavsr arrange^ 
mont ttiat Is obtained by treating the input signals of an 
associated error corral 

pre^nterteavsd in a very particular way so that the ortter 
of f ha input srg?>als of the encoder is not a iterad when it 



is transrnittad tq the chann ©I By way of example, an in- 
terteaver/deinterieaver arrart^emeiit 5^ disclosed that 
uses Reed Solomon code RS(1 2G>116) and employs 
delay aismant banks arid associate routing to iriler- 
ieave and detntsrleave the signals. 
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Description ; ■ . 

Bmkmound at Urn \nwntton 

This invention relates to Systematic eonvoiulicnal 
imerleaversande&mtefieav^ 

is on with error correctmg coders in a communication or 
storage system 

Communication of signais invariably has to deal 
with transmission of signals through a channel where 
errors are introdycod Fi^, 1 pre sentsthe block diagram 
Of a prior art arfajn^ement for such an envirdhrheht, 
where the input signals are first app^ed to encdcfef 1 00, 
the encoded stgnafs are passed on to inlarteaver 200, 
?hs Interleaved signals are modulated in block 300 and 
the modulated signals are applied to the channel The 
signals received I roro the channel are demodulated in 
b look 400, deinterieaved sn block SOD and lastiy decod- 
ed in block 600 to recover ihe ihput signals into encoder 
100. (In the present il jus ira live ernbodiment$C e^H so- 
called "signal* is ;& digital signa^eniprisin^ 
but in other embodiments eacn signal may comprise any 
number of bite, including one bit. in many context^, the 
^signal 0 may be understood to be a *symbor of a so- 
cabled signal constefaTioa} 

Interleaver 200 is interposed in ihe system in order 
to account tor burst errors in the channel. Specificatfy, 
snte rleaver 200 d&perses adjacent signals in time prior 
to modutat ion k so that burs? errors with a large number 
of errors in a short time span, do not affect too many of 
adjacent signals ot the original uninter heaved signals 
Conversely, when considering the signals coming from 
the channel, errors that are closely spaced in lime to 
aach other are interspersed at theoutpui of the dein*er- 
teaver to be far aparHrom each other. The consequence 
of this dispersing is that decoder 600 is able to recover 
the input signals :3n?ered into encoder 100 by virtue of 
the error-correcting redundancy included in the signals 
wh;ch decoder 600 utilizes; 

it is also well known that modulator 300 as well as 
demodulator 400 may be subsystems mat themselves 
delude coding and rSecodiog, for e^cample, modUiator 
3G0 may include a f ront end section that is a trellis en- 
coder Corresponding the tail-end of demodulator 400 
would mciude a Viteroi decc<3er 

Summary of the invention 

KP-A-0748SD58 (Amrany) discloses a systematic 
convofuttonal inter leaver arrangement in whtehthe input 
signals oJ an associated error correcting encoder are 
treated as if they nad been pre-tnlerieaved m e very par- 
ticular way so that the order of the input signals ol the 
encoder is nos altered when it is transmitted to the ehan- 
net In the arrangem ents disclosed in the Amrany patent 
application, successive signals of each error correcting 
code codeword, e g a Reed-Solomon codeword, are 
separated in the Interleaved stream by a constant 



amount equal to the so-called decoding depth. By eon- 
tfasl, in systematic convolutionai rnterieaver arrange- 
ments ^ embodying the principles of the presehi inven- 
tion , that separation is not necessari^ constant and, in- 

$ deed, is greater tnan the decoding depth for at least cer- 
tain successive ones of the sronats comprising a partic- 
ular codeword. This is advantageous in that, for exam- 
ple, the increased average separation of the signals 
eompnsrng a particular codeword enhances the sys- 

to tenVs ability to withstand burst errors in the channeh In 
addition, if the interleaving which provides the aforesaid 
increased separation is carhed out in a partictiiar way, 
as described hereinbeiom the deinterleaving process 
can be advantageously implemented using actual delay 

i$ SineSi as opposed to random access memories which 
emulate delay tines. This is aovantageous in that given 
a particular implementational techno^y, e, gv, fVSQS cir- 
cuitry, actual delay tsnes can be operated to provide 
higher throughput than a random access memory delay 

?£> lineernulations, thereby laGllilating ihe use of the inven- 
tion in high<iata^peed applications; 

Br m Description of the Drawing 

2* FIG 1 shows a prior art cc^er/decoder arMnge- 
roent with an mterfeaver and a deintarleaver inter- 
posed therebetween; 

FIG 2 depicts a prior art block inlerfeaver; 
FIG 3 shows a prior art convolutions! interleaver 
3& and deinterleaver; 

FIG , 4 illustrates a systematic block interleayer sug- 
gested by Galsager; 

FIG . 3 presents a pictorial overview of an illustrative 
stream of incoming Reed-Solomon codeword sig- 
35 nals, pursuant to an illustrative embodiment of the 
invention; 

FtG. 6 provkdes a systematic cchvoiulianal inter- 

leaver Jor the signal stream of F! 5; 

FIG 7 iUustrates a systematic cdnvolutional dein- 

terleaver adapted to respond to signals developed 

by the interleaver of FIG. 6; and 

FiG. 8 presents a pictorial overview of an another 

illustrative stream of incoming Reed-Solomon 

codeword signals, 

4$ 

Detailed Descnfltlpn 

FIG. 2 presents a simp 3 e imptem en SaUon of a con- 
ventional block interieaver OT, When the interleaving 

£Q arrangement seeks to interleave f=Seed-SolOfrtof> <RS) 
codewords of length 1 20 signals to a dept^ of 30 code- 
words h all that is needed is a matnx such as depicted m 
FIG. 2, which can be viewod to comprise 30 rows and 
ISO columns of signals. Interleaving is accomplished by 

£5 Wfiling incoming signals sequentially into the signals 
mairis and thus populating the maim a row at a time. 
An interleaved output is obtained by reading signals out 
of the matrix a column at a time. Row 1. for example, 
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consists ot t20 signal* C 0:)m C 0;118l ^,. C q o qUhs O 5 * 
codeword Correspondingly, column 1 consist of C 01 1 ^ 
§si ► -Cj^ i g. ^hich correspc^d to the first signafe oi 
the 0 ,h , and 29 ,h codeword, Trti$ artangament is 
said to provide an interleaving daptti of 30 sigriiafs 
cause successive signals of the same codeword ar© 
caused to be 30 signals apart in the iniorleaved srgriaJ 
stream 

A b Gocfc deimerleayef can be identical to the biocfc 
inte^&aver of FIG £l The overall memory raejuirement 
for the interJeaysr and the deinEerleaver, . .thee afore, is at 
least 7,200 ssgnals; and the overall delay between the 
input lotheint^^ 

m is appraximateiy 7.20Q signaf periods, 

FIG, 3 presents a simple embodiment of a convex 
tjonaJ eanmttit&ml frtterieaver anc? dsir^terie^ver wilh 
the same inierteavirsg depth of 39 signals. A convoiu- 
tiormt mierf&aver ?s one where wiihfn any selected block 
Of signals in the interleaved signat stream, mere mms 
at Ja&si one codeword witn some signal mis^g. 

to Fid. 3, the ircoming signals appear on line 24, 
switch 25 cyc^s through delay ©teroents 201, 202,.., 
230 (rsole that register ^ 

fore, siropsy a eonnectk^nji and successive signals on 
line 24 are applied to successive deiay e!e me At ^Switch 
31 at ihe output of the interleaver is eynohronii:ed with 
switch 25, res u itm§ in an interleaved output emanating 
from switch 31 In parties Jar, whm the incoming signal 
stream to the FIG S afranQement is 



and vvhere signal C m ,59 is 1 stuped into deJay elemen! 
20 1 , the output at switch 31 of FIG 3 is 
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As can be observed f rom the above P signals thai belong 
to the same RS codeword are separated at the output 
of switch 0T : by:a! least C m 1?9 and 

Fl 0 3 atso shows a desnterseayerlbat performs the 
inverse aperat&nottheco^ 

also be noted that the memory ^ f equlrament and delay 
of the FIG 3 intoriiaaver/deinterieavar is eonsiderabsy 
sma&er than a corres ponding f itti 22 implementation , 
Specif ica^y, only 3 are needed, 
and im tmm inter^ving/deinterleavinQ defay is also 
3,480 signals 

The interteavers of FrSS 2 and 3 are not "system- 
Mc" because She order of the input signals is altered by 
the interieaver, Nlan-syst^maljc interleave rs have a 
number of problems First, tjie receiver cannot skip the 
d©in*&rieaver \l \t chooses to skip the associated decode 
er, 

Second, bursty errors mat cannot be corrected by the 
decoder wHH be spread by the deinterteavar fttums cvi 
that <n various appt&at sons r : it is better to softer a number 
of errors concentrated in time than to suffer the same 
number o? errors over an extended time span, in such 
cases, the ref ore v spr eading or d !spe rsi ng of uncorrected 



errors is not desirable. 

The ednyentiona) encoder-inierfeaver arrangement 
of FIG , 1 requires only a single encoder in "tnlormatbn 
Theory and Jfeiia^ g, GaHagen 

s John Wiley A Sons, 1968, pp. 286 ei seq, ( a more cdm^ 
pien arrangement is presented wilh a pJurality of ^ncod- 
6rs. This piurality of encoders aims rlo; replace the com- 
bination ol the encoder and block interteaver oi F\Q, 1 . 
Aithou^h no speoittc embeciiment is depicted lor the en- 

10 coders or for any means for cpntitsliing the ancodors, 
the Manager depiction does suggest that a systematic 
bfock inferleaver can be ra^ed through the use of a 
switch at the input and a swi?qh at the output of the plu- 
rality of encoders. It is not convolutionaj intortaavin^ 

1 & howeverv 

The Gaiiager structure; cfapicted in Ft©/ 4, presents 
a hardware anio^or speed penatty ai the decoder In one 
decoding embodiment it appears that 30 separate de- 
epciers must be used, with the signals i approprJately 

z<> routed to inose decoders, tn another embodiment, it ap- 
pears that a deihlerleaver woufd need to be used 6rst 
(liK« the one depicted in FfG. 2) f foiiowd by a very fast 
decoder fn either case, the decocler becomes commer- 
cialJy unattractive, 

ohaMenge is to devefop a ^ystemaiic, convoiu- 
tionai, inteHeav^r in order to a^ 
scribed above in connect ion with systematic i,b lock Inter- 
leavers. Indeed, One such type of systematic, cdnvolu^ 
tjbnal interieaver is described in EP-A^0748056 (Amra- 

30 hy); 

In the arfBnQement^ patent 
application, successh/e sf9hals of each error cprrectirtg 
code codeword, e g a Reed-Sdtomon codeword, are 
separated in the interfeaved stream by a constant 
3$ amoum equal to the so-caited decoding depth. Indeed, 
sych an approach is im pigment ed in the interleaving 
scheme depicted In FIG 8 hereof and described be fow 

By eontrast r in syslematic c^voiulionaJ 
arrangements embodying the principles of the present 
irWqntipn, that separation is not necessarily constant 
and; indeed, is greater than the decoding depth for at 
least pertain success iy0 ones ot the signals 
a particular codeword TMb assume that each F!S cdd^ 
word comprises 118 input signais and 4 redundant sig- 
nais, and assume that the input signals cqme in the or- 
der ot 
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Gonceptuat!y; one can immediately add the A 
redundant signaJs to the above stream (which can be 
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iftouphrto be nyii at this point) to result in the stream 

^m.ti#: *: : :9rt*JMQB £<iy2©,4». Gnv29'.0> 

Ort+i 11$ r ^m/JlS » P«frt.ttV"'-' Pm-a?^* £m-28> 

A pictorial view of Shis stream Js presented in Fi& 5. 
H <s depicted an the form of 30 parallel signal paths, or 
"rails," that have been multiplexed onto a single stream , 
through a switch thai cyclically connects io all of the sig- 
naJ paths. 

In accordance wnh ihe principles diseased herein, 
given the assumed significance of these signal vis-a- 
y;s tneir relationships to each other and to the RS code- 
words, appropriate routing ol ihesignaJs to a plurality of 
codSFS> and routing of the plurality of coded signais into 
a single stream o? output signals yields, in effect, a sys- 
tematic convofutional inter leaver. 

FIG. 6 presents a structure that is responsive to the 
specific signal stroam described above. While it is sim- 
ilar to She structure shown in FIG. 4. it routes the input 
signals differently, and achieves a highly improved re- 

In FIG. 6, Ihe i^pul signal stream is applied to router 
10 which comprises a switch thai, responsive to control 
signals from contr oiler 15. disputes the Incoming sig- 
nals to its 30 outputs Each output of router 10 is coupled 
to a corresponding Reed-Solamon (RS) coder and 
the outputs ol the SO RS coders are routed to a common 
output port through router 30 Router 30 and the RS cod- 
ers are also responsive to controller 15 which imple- 
ments the rout i no procedu re d e sc rib ed b elovy 

In operation, router 10 needs to cycle through RS 
coders 20-1 through 20-£9 for 4 cycles, while skipping 
RS coder 20-30, Durjng those 4 cycles, RS coder 20-30 
receives no input (or the nuti Input of C 0 & C o z , C 01 , 
and C 0 0 > and router 30 cycles through RS coders 20-1 
through 20-30 lor the 4 cycles Thereafter, router 1 0 cy- 
cles through RS coder 20-30 through 20-23 for 4 cycles 
whKe skipping coo^i' £0-29 &r>d routsi" 30-cycies- trough 
RS coders 20-30 mrough 20-29 for the 4 cycles, and so 
the process continues 

It it is assumed ihat C^j^ is inserted into RS cod- 
er 20-1 then, according to the description above, the 
next three samples lhat are inserted into RS coder 2CM 
s> fe '£'29.1 1 G 29 n ? , QndC^ 1? 6- At the end of those 4 
cycjes, when Ci 4 is inserted into RS coder 20-29, the 
cyeiing sequence of router 10 is attercd and the next 
clock advances the routing to RS coder 20-30, At that 
pointy the RS coder 20-30 is reset and, according to the 
description set forth above, the C^q** is entered rnto 
RS coder 20-30 (starting to accumulate input signals of 
a new RS codeword), and at the next clock period 



Oas.iis ^ entered into RS coder 20-1 . 

Directing attention specifically 10 a pafticulaf code^ 
such as RS coder 20-1 , it is seen that the above-dis- 
closed cycUng procedure achieves the foJlowin$: 

& 

1) it routes the input signals which belong to 
iicufar codeword to a specific RS coder. 

2) after 29 of the 4 cycle intervals, an RS coder has 
received the full set of 116 input signals, and 

io 3) thereafter the RS coder is left with no (or null) 
inputs for one 4 cycle interval, during wnich time the 
RS coder -outputs the 4 redundant signals 

C 2SL3' §291 ■ ancl ^£9.0 tb TOUtfir 30 

*s Consequently, the st ream of output signals of router 
30 is In the order of the above -described input signals, 
to wit. 

^ro,m> 115* &m -2;1M ^ Cnv28.?< £m-2U> 

117 » ^m-L113 > &m~gAQ9 » - * £nv2S> ^m^l' 
^m. 118' ^m«T,T1 2 - ^w>2,T0S ^ ^ C m 2a,4 > &t^29 ,0 

C rot 1 9 ■ ■ S w ■ ,11:3 ■ ' t .11 1 C m^?,7 1 G m-ZS- 3 ' 

G ^i,1ia v C m.1U' C nv1J T0 - • ■ C m^7.^ C m^8 ^ 
^ 5 ^m+LU? • C n>,113 • ^m-1A0S - • - ^m ^.S* C m 2S,I> 

^OH lvnS ■ Pm,112 ^m-1.106 - ^ P*»-S7-.4* ^-28^ 

contifming that the FiG. 6 arrangement is a systematic 
inteyieaver (except that some redundani non-nuH sig- 
nals are inserted a) appropriate places). 

From the above, it is seen that the appropriate cy- 
cling or routers iO and 30 and resetting of the RS en- 
coders are all that is necessary to implement controller 
15, and such can be easily accomplished with a few 

3$ counters and some combinatorial logic. 

FIG 7 shows a systematic convotutiona^ deinter- 
leaver adapted to respond 10 signals devefoped by the 
interieaver of FfG. 6, The FJG, 7 arrangement Includes 
a series connectbn of a switch 40, a f irst deinterleaver 

40 42 comprising detey elements, a switch 43. a decoder 
input buffer 51 f a decoder 50, a switch 61> a second 
detnterleaver 60 comprising delay elements, and a 
switch 63. Within deintarleaver 42. each delay element 
42-j (ntroduces a delay of ((116 - 4j)x30> signate {vvttli f 

4$ ranging from 0 5029), and within deinter leaver 60. delay 
element 60-j introduces a delay Oi ^4jx30), Switches 40 
and 43 are synchronized Consequemry. when The ?m 
coming stream of signals is arranged to insert C m1|g 
into delay 42-G, the signals belonging to a particular 

60 codeword appear concurrently at the output of deinter- 
Seaver 42, allowing decoder SG to correct errors. Of 
course, decoder 50 could merely raise an alarm, or sim* 
ply intorm the system thai an error has been detected. 
To be more precise, during the interval that si gnats 

are inserted into delay elements 42-0, 42»1, 42-3,,,. 
42-28 and 42-29, respectively, the outputs of these de- 
lay elements correspond to 
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The following three ^ycfes yield 1h« signals 

C rr^9 *1S' G iti^§ :111SV©mM:t(»v-''^0^^,^ Q«i ^,p, 

and thai CGmpleses me entire codQ word. Decoder SO, 
however, needs to process the sisals sequensial^, i.e^ 
in the order 

The task of rearran§^§ the sequence fails lb buffer Si . 
Thereafter, decoder 50 decodes the codeword, corrects 
errors f if eorrecsab^ errors mM t and rf ihat is the de- 
fied mode of cpetsiion), and^ 
codeword into dein?er!eaver 60 whJdh reverses the ac- 
tion of dainter leaver 42 

In its simplest lorn, buffer 51 can comprise two 
memories, each of which contains i ^ signals/ WhiJa 
one memory Is loaded with signals, the other memory 
is processed t?y decider 50, Dece^erBO may be a con^ 
ventfonai decoder adapted for sh@ code empidyed, 
which in the RiSde- 
coder. 

Assuming that Sakes decoder SO a 120 signal in- 
iervai to decode oh$ RS codeword ahdv thus when the 
output of deinterle&ver 42 co^resporids to RS Cadeword 
the output of decoder SO corresponds Jo code- 
word m~3t ^ $^&6hbs 6^ and $ f 
recreate the stream at the input of switch 40 In surh< the 
arrangement of Ff^^^ 

CertaW 
point 

The input signal ream, such i as that shown as be- 
ins applied to router 10 in FIG, 6, can be characterized 
as comprising H mm signal sequences ( where- iiius- 
trativefy N = 30 }, those being the N sequences that are 
applied to RS coders 20-1 through 50-30, The output 
signal stream, such as that shown as being provided at 
the output of router 3D. can be characterized as eorrv 
prising N output -signal sequences, thc^eoeing the N 
sequences that ar$ generated "by RS coders 20*1 
through 20-30, Illustratively the same input signals that 
are appfsetf iQ the RS c^ 

of those coders, augmented by redundant signals This 
implements a so-ca&sci &ysrsrn^;o cck^? (By cor^??j$i 
in a non -systematic soder, the output signals-alt hough 
equal in number ^o tr;e output si^naJs that are provided 
in the systematic cod^r case-^o nqrinetude a repetition 
of the input signals Esther, in general the output sig- 
nals a re all di^e rem from the input signate , Use* of th e 
term 'systematic* as I? relates to the coders should not 
be confused with that thai term as it relates to the 
interleaving, as descjdbed herein.) 

in any event, no matter wheiher the coding is sys * 
tematie or hdn^ make a generic 

statement about whs? makes the inierleMing thai is im- 
plemented in FIGS. 5 and 6 sysiemalic interleaving 



That generic statement is that successive input signals 
of each of the input signal sequences can be posiiionally 
mapped to success^ 

sng output sequence while, in addition, successive input 

b sighaisotte 

t&naNy mapped to successive signals of me overaN en- 
coded output signal stream Such a majppih^ cari be 
made even though the overall output stream includes 
more signals than the Input stream because of '.{$&. in- 

70 tfe^uotranof redundant signaJS by the RS coders. Mora- 
over, this generic statement app iie;s whether or not the 
coding is systematic or non-systematic and whether or 
not the coding is of the s block type or is of the conve)lu- 
tionai type, the latter being described he rembe tow 

75 Note, moreover !han in accordance with the inven- 
tion, the separation between ifie successive signals in 
each ouip ut signal sequence is noi constantly equal to 
the decoding depth N out, rather, is greater than the de- 
coding depth N for at least certain successive ones of 

£Q the signals in each putpursequehce, In particular, as 
c^n be seen by referring to FIGS. 5 and % the separation 
between each of the signals ; G^; 1: |e>y' : C^ ^ %;*17* 
£m<-ns< ts-^ua^tO: ^;-'^,^, 30), but the separation be- 
tween the signals, C m M e and n$f is equal to{N i ) 

2S 9 . 31 Thjs is advantageous in that, for OxampSe, the 
increased average sepa^ti^ 

a particular RS codevwDrd enhances the ^ system's abiNty 
to v^thstand ourst errors in the channel- This inereas© 
% the average separation of the signals cbrtiprisihg a 

$® particular codeword of a particular output signal se- 
qpence comes i at the expense of a decreased separa- 
tion between the last signaJ of each codeword and the 
first signarof the foflowing codeword in that sequence. 
However, since the different codewords are independ- 

ss ently decoded, the joss of that separation does not del- 
eieriousiy affect the overairability of thesystem to pro- 
vide accurate decoding An overai! increase in the ability 
to withstand burst errors in thus provided; 

More particularly, the scheme represented by FIGS. 

4 & S and 6 can be described by observing that each output 
signal sequence comprises a plurality of subse^^enees. 
In Ws emlDodimehf, each subsequence of FiG S com- 
prises d ^ 4 signals. That is; ibqkifsg al the output se- 
quence c^npris»ng p mJ ^. C m ,rt8«-- C w c it can be 

45 seen to oonipuse the 4-signai subsequenco 

c rft,ri8^ 0 m n 7v Q m on the topmost sigriai path \ or 
p rair 01 s followed by the 4-signal subsequence 
C m,iiS' c ™ m< c m/si3v G m,«,g) 9^ ^ ^cond-tc-top^ 
most signal path, or ^raif of FiQ; 5 ( etc. Observe that 

so while the sighais w^ 

one another by N in the output signai stream of FIG, 8 
the tasi signal of the subsequence is spaced from the 
first signal of the next subsequence by more than N- 
illustraUvely by <N 4 T ), 

M One can also understand the arrangement of sig- 
nals as representeei by the example of F ifes, S and 8 by 
conceptually rega rding all of the various signals as be- 
fonging to a particular one of the N parallel paths, or 
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'rails 0 qI Fug, 5, (it ^qulej be noted at this point Ihalihe 
use of the lerm ^sf ■ and/qr th e depiction Of the signals 
as being arrangM in such rails does noUmply that the 
signals df a^ be found as 

appearing on different physical fsads. Rather, th© nation 5 
of rails is use^ hatfetn as a way of defining yet another 
conceptual -grouping of the signals in addition to their 
groupings into, to? example, Reed-Solomon code- 
words.) 

In particular, one can observe thai the (Nt4j) th sjg- to 
ml, of the outpui s^nai stream belongs to the f h rati, for 
S ~ 1. 2, ,,N and t s 0,1,2 diie can also observe that 
each output signs; sequence comprises at least one 
codeword. Denote tnek 1 * 1 signal oj the m m codeword as 
C m k . One can further observe that the signals of each is- 
codeword he lonQs -to at least two difie^ent rails and the 
1 th one of said N ra:?s comprises the signals fc^^a 
through C m x ^^., for at least one value of x (e.g ., li 9) 
and a selected value of d (e g, 4); 

in addition, it can be gbs^r^ed vis-a-vis the receiver so 
arrangement of 'fiO. 7 that becau&e rtcan be impierr^nt- 
ed with actual delay lines, e,g>. hasd-w^e shift register^ 
the receiver pan be operated to provtde higher through- 
put than wouid typicaiSy be obtainable using a random 
access memory imp^nientatidn to emulate the action 
of those detay hnss : given any paniedar implementa- 
lic^alteehhb^ 

in high-data^speed applications. 

The ar rangemerit of Fife 5 Austral es on© specific 
incoming stream of f^S codeword signals FIG B 30 
presents ah altemative assumed incoming stream, 
which is expressed' below (again, includfng 4 btank> or 
nufr, redundant sisals). 

Pm>tt7' ^ Pfn>^ r ip«i>:vvi Pn?r2S.S> *?m 

PimA*& : &im%A&< ^i^i^^^^^X^Pm^W' - 
C m,n 2- Ptn : j Am ^m^m- ■ «' G m.2S,0- 11 1 $r 

this jnput stream is s^mtfar to the stream suggested 
by Galiacjer, except for the very cruciai d 
Jhe starting points o? the different RS codewords are 
staggered Thus, instead of developing a block inter* 
teavincj, what is accomplished *s Gowatutk>naim\e^^ 

fa®' 

The rnaer o structure of an encoder responsive to so 
the signal depicted to FIQ 8 is the same as the one ^ de- 
picted in FIG 6 However, the control of the router and 
the RS decoders -m different 

To review; in connection with the FIG. 5, the input 
Signals are first Mserted into coders 20-30 througfh ss 
2CK29, skipping ccdsr 20-30 for 4 cycles and router 30 
cycles coders 20* r through 20-30 tor the 4 cycles 
Thereafter, the very next byte is inserted m code i 20-30, 



the foliowing byte is inserted into coder 20-1^ and for the 
nest 4 cycles coder 20-29 is skipped and router 30 cy- 
cles through coders 20-30 through 20*29 for the 4 cy- 
cles 

In connection with the FIG 8 signal, the input Sig* 
pals am also first inserted into coders 20-1 through 
20-29, shipping coder 20-30 for 4 cycles, The very next 
input signal is again entered into coder 20-30, coder 
20^9 is skipped when its turn arrives. However; and rn 
contradiction, router 30 cycles througn coders 20-1 
through 20-30 for every cycle. 

li may be notedihat in both FliSS 5 and 8, encoders 
RS(n,n-rJ may be used with any r. G«r^^^ 

encoders is determined by tJie inierleaving depth, 
which is chosen to be 30 throughout the texL The ?nter- 
ieaving depth certainly does net have to be 30. it has 
nothing io do with th^ arnount of redundancy r Further- 
more, it can be chosen to oe jndependent of the length 
n of the code (n is chosen to be 1 2P thrQ^giiout the 
text), although for some n's the inter:©aver and deinler- 
leave* based on FiO , 5 can have a nice structure, 

it may be further noted thai a number of practjcal 
design considerations that are dommpnly encounteTed 
in coder and decoder designs such as described here 
have not been presented here, for sake of brevity For 
example, if may b$ ^ not^p 5 snat the signal coming into 
rpytcr t o has a slightly different rate than the signal ex- 
iting router 30, Sp^if sca^y v i n the same time frame there 
are 116 signals oomin^ in and T2Q serials fjoin^ out 
this slight rats change ,;fjs convent bnal^ accouritecj for 
by providing a buffer in b^c<ik 20: specif icali^ one 
delay in each encoder would suffice. There is a eofre- 
sponding rale change in the dehterleaver between the 
signal at switch 40 and the signal at switch 63; 

Whereasthe hardwareembc^ir^ 
gestsdaiay lines, it should be understood that other st or> 
a§e media v such as sem^conducfor memories* can be 
used with identical effectiveness Also, tt should be un- 
derstood that although this o^scteure employed Reed- 
Solomon coding; qther coding approaches can also be 
used. 

The invention is disclosed herein in the context of 
sc-ca^ed Mmk enqoding v of which Heed^Solomon cod- 
ing is an example , ^ 

deierrntned humber of coder output ssghais compr ise a 
epdeword which can be decoded without reference 
any ether outputs of the encoder in the example herein, 
for example, that number of coder output signate is 120. 
Hpwey er, the invention is not limited to being used in 
conjunc^iw wim bic^k^ 

inabove, \X can aJso be used in arrangements in which 
the encoding is. K for example, so^aHed eonvolutional 
coding. |The latter is not to be confused with convolu- 
imnal interleavjngx which is defined hereinabove and re* 
Jates to the manner in which the coder outputs are ar- 
ranged in the output signal stream,) in a eonvolutional 
coder, sueb as a so-called trellis coder, no part icular 
group of coder output signals can be segmented from 
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^ quipurst^m and decoded. In this msii'htt coder 
output word is of indefinite length. 

Although in the the *tosiraf ive embodiment various 

tifcesand, Meed, .:'e»Madl::f!»^L Ira^^ri^cHntMct; e» : -4bu$:hr 9; --Jt-; wK= 
be recognized by those skilled in the art that any one or 
mm e ot those elements could be reatteed v for example, 
m the form of one pr more general purpose or specie I 
purpose processors which have been programmed to 
perform th^ fundtions liwo^ed to 

The numerical values for y@Hous parameter^ used 
herein are, of course illustrative and can be chosen to 
fit the needs ot any particular system ernbodying the in- 
vention, 

It wilf thus be reafized, mqre generaffy. that although 
the invention is disclosed herein in the con^sci ot partic- 
ular emfredirnems, those skill in the art wiM be apl§ id 
devise numerous other arrangements which, although 
not expfEciiiy shown or described herein, embody the 
pr^cipies or^ so 

Claims 

f . A method of encoding a stream of input skjnais to 
generate a stream of encoded output signals, the 
input signat stream comprising N input signal se- 
quences and the output signal stream comprising 
N output sfgnai sequences, each of ihe output sig- 
nal sequences being generated in response to a sq 
corresponding one of the input signal sequences 
using at least a first predetermined redundancy 
code, the encoding being such that successive in- 
put signals of each of the input sequences can be 
positionaliy mapped to successive outpu* signals of 3$ 
the corresponding output sequence while, in addi- 
tion successive input signals of the input signal 
stream can be positionally mapped to successive 
signals oMhe encoded output signal stream, 

characterized in that at least certain succes- 40 
sive ones prthe signals in each output sequence 
are spaced from one another within the output sig- 
nal stream by morelhan M, 

,£ A method pt generating an output signaj stream 4S 
comprising N encoded output signal sequences, 
each output signal sequence corresponding to one 
or N input signal sequences, said a rrangement uti- 
lizing re<iuhdanc^ encoding and imp! ied systematic 
conyoiutionaf interleaving to generate Ihi output »' 
signal stream, 

characterized m that at least certain succes- 
sive ones ofths signals in each encoded outputsig^ 
net sequence are spaced from one another within 
the output signal stream by more than U ss 

A method of encoding an ordered stream of input 
signals to devetcij a stream of output signals, said 



stream of output signafs comprising s^icj stream of 
input signals in its original order combined with an 
associated pfuraUty of redundant signals, each of 
the redundant signals being a f unci [on of a prede- 
termined group of said input signafs as defined by 
at least a first predetermined redundance code, the 
output signals belonging to each said group, as wett 
as the associated redundant signafs, appearing ih 
said output stream with nonuniform spacing 

4. A method of encoding a stream of Input signals to 
generate a si ream oS encoded output signals, the 
inpur signal stream comprising N input signal se- 
quences and the output signal stream comprising 
N output signal sequences, each of the output sig- 
nal sequences being generated in response to a 
corresponding one o? the input signal sequences 
using at teast a first predetermined redundancy 
code, the encoding being such that successive in- 
put signals of each of the input sequences can be 
posit so natfy mapped to successive output signals ot 
the corresponding output sequence while, in addi- 
tion, successive input signals of the input signal 
stream can be positionatiy mapped to successive 
signals of the encoded output signal stream, the 
(NT + f)^ signal of the output signal stream belong- 
ing tothe one of N raits, i»1,2;.....N andfesCU.2,..., 
characterised in that the signals of each out* 
put signal sequence belong Jo at least two different 
rails, 



& A method for use in a system in which a stream of 
jhput signals is encoded to generate a stream of en- 
coded output stgnais, the input signal stream com- 
prising N input signal sequences and the output sig- 
nal stream comprising N output signat sequences, 
each ot the outpuf signal sequences being gener- 
ated in response to a corresponding one of the input 
signal sequences using at least a first predates 
mined redundancy code, the encoding being such 
that successive input signals of each of the input 
sequences can be posjtionatiy mapped to succes- 
sive output signals of the corresponding output se- 
quence while, in addition, successive input signals 
of the input signaf stream can be positionally 
mapped to successive signals of the encoded out- 
put signal stream, the method comprising the steps 
of 

receiving said stream of encoded output sig- 
nets, and 

decoding the received stream of encoded ©ul- 
put signals to recover said stream of inp ut sig- 
nets, 

characterized in that at least certain succes- 
sive ones of ihe signals in each output sequence 
are spaced from one another within the output sig~ 
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nal stream more than N> 

6, A rn^thdd fpr use in a receiver of a system in which 
ah output signal stream comprising ^ 

put sig^sequ^^ 

to sa?d receiver, each omput signal sequence cor- 
responding to one of Jsl input signal se^uehceSySaid 
system bmng of a type wretch itt^os redgndaney 
ancodfng ar>d implied systematic canvoiational in- 
terleaving to generate ih^ ouipui signal stream, the to 
method comprising the steps or 

receiving said output signal stream, and 
resc0vcr^9 said N input §ignai sequences 
therefrom us*^ is 
voUitioha? deinlerleaving, 

chafaet>3r&ed m that at least certain succes- 
sive ones of the signals in each encoded output sle^ 
nal sequence are spaced from one another within 30 
the output signal str earn by more than M of claims 
1,2 5 or 6 

7. the method or any of eiaims t a 2 5 or 6 wherein 
each of the output signal sequences cornpr ise$ a ^ 
plurality of least 
one value of i ( and the i* h subsequence comprises 

Sj signals Wfoich are spaced f rdrrS one another in 
said out pL?\ $^gnal strearn by and the last signal 
of said I th subsequence is spaced from the first sfg- 30 
nal of the (i+ 'I subsequence by more than N. 

B. A method comprising the step of recove ring an or- 
dered strearn ,bt input signals from a transmitted 
stream o\ output signals vi^tcft 3$ 
encoding ^ satcj ordered stream Of input signals^ said 
stream of out&u^s 

input signals m sts origins* or^er combined wHh an 
associated p^uraiily of redundant signals, each of 
the Fedunda^i signal!? being a ftj action of a prede- 4 $ 
tarmined gro^p of said input signals as defined by 
at least a first predeterrnined redundancy coda, the 
output signa is belonging to each said group* as well 
as the associated redundant senate, appearing in 
said ouipur stream with non-unitorm spacihg. 

9. A method for use in a system in which a stream of 
input senate is encoded to generate a stream q? en- 
coded output signals, the input sicpiaj stream com- 
prismg M input signal sequences and the output ssg- $Q 
nal stream cc^p rising R 

each of ths autpyt signal sequences be*hg gener- 
ated in ress>onse too corfespondingone of the input 
signal sequences using at least a first predeter- 
mined redundancy code, the encoding being such $s 
that success iye input signals of each of the input 
sequences c so bo posit son ally mapped to succes- 
sive output signa^^ the corresponding output se- 



quence while, in addition/ successive input signate 
of the input signal stream can t>e positionaHy 
mapped to successive signals of the encoded outr 
putsignal stream> the ( NT^^ 
signal stream belonging to the | m one of U rails, j 
s;1 ,2,, W N and 1^0, 1,2.... the method comprising 
the steps of 

receiving said stream of encoded output sig- 
nals, and 

decoding the received stream of encoded out- 
put signals to recover said stieamo? input sig- 
nals, 

characterized in that the signals of each out- 
put signat sequence be^ng to at Jeast two different 

mm/ 

to. Trie method of claim 4 or claim 9 wherein each out- 
put signal sequence comprjses at least one code- 
word, the ik* signal of the rn^ codeword being C m ^ 
character^ed in that the one of said N rails 
comprises the signals C m X j<*«i through Q^^ +T 
for at least one value of X and a selected value of d, 

11 y A method for use in a receiver to which is transmit- 
ted a stream of encoded output signats that was 
generated by encpding a stream of input signals^ 
the input signal stream cqmpiri sing H input signal 
saquences andthe output signal stream conprising 
N output signal sequaneesv each of the out put sig- 
nal sequences being gen erated in response to a; 
corresponding one ot the Input signal sequences 
using at ieast a first predetermined redundancy 
eode^ the eric 

put signals of each of the input sequences can be 
positionally mapped to successive outp m signals M 
the cor resppnding output sequence wMe Jn adds* 
tton v successive input signals of the input signal 
stream can be positionslly mapped Jo successive 
signals of the encoded output signal stream^ each 
output signal sequence comprising at feast one 
codeword; the k m signal of the m lh codeword being 
0 ro ^ : the ( Ni + j } !h signalof the output signal stream 
belonging to the one ot H rails, | ^1 ,2, M and 
t^O, 1,2, ... t the one of said rails comprisiiig the 
signals C m: ^d through C^ ^^ for at ieast one 
value of X and a selected value of d ( the method 
comprising fie steps pi 

receding the transmitted stream of encoded 
output signals^ 

appfying thos© signals in the ^ received transmit- 
ted stream which comprise at least the 1^ 
through M lh rails to 1*< through .IN* first delay 
lines/ respectively/thelen^ 
line being dN signal periods greater than the 
delay amount for the j + % )*' first desay fine for 
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0 < j < N. 

assembling the outputs of said first defey Itnei 
into groups obsignate each comprising the sig? 
nais of & respective of said codeworo;; 
decoding each of said groups of signate in a re- 
dundancy decoder, and 
applying: successive decoded outputs from said 
redundancy decoder to respective 1* 1 thfpygh 
'N''$^ond\d^yJ|nes t :r0sp0pt|V!Sly f the l&h'gth 
of tm second delay line being dN signal pe- 
riods less than th e delay amount for me Q + 1 
second d&iay line for 0 <H H and 
recovering said stream of Input signaJs. sn their 
original order, by applying individual outputs 
Uom s&id second delay tines, m sequence, to 
an output. 



2S 



30 



40 



10 



so 



EP0 813 30S A2 



PHIQR ART 



DAW 



ICO 

1 



2M 



f i€0D8? H* INTERLEAVES 



300 



CHANNEL' 






PRIOR ART 




0 2 


8. . 


120 


; GQ.11S 00,11$ 

CtynB Ci.ua 

$2,113 €2,118 


• - - 60,115 - • • 
- - * Ci ,ii5 • • - 
. • • £2,115 ■ • * 

* k < 


- - Cq,0 
< * C1.0 
C2J 

* 


■ * 


'» * « 
» »■ * 

• ' ' C29,11S ' • * 


* 



1 

2 
3 



30 



10 



EP 0 81 3 309 m 




it 



BP 0 813 309 m 




EP 0 813 309 A2 




13 



bp o ai3 $mm 




14 



EP 0 81 3 300 m 




ts 




16 



(13 30ft: A$ 



(12) EUfiOP&AN f»AT^ 

{88} Datoof publication (SI) tut Ci. 7 : HD3IV8 13/22, HG3M 13/12, 

17 msmt ®mmn 2001/03 H03M 13/27 

{43) Dal© of ptMmtian A2: 

(21) Application mmbm:Wm^T4iS 



(22) DaieM^^9: a3mi007 



(84) Designs^ci Oantmctins States: 


(72) Inventor: L^Farag 


« Eg ch m mmm m &bW& it u lu wc 


Lin©raft, f^ew Jersey 07?3S (US) 


PT SE 






i {74} Representative: 


(30) Priofiiy: 11.06.1^96 US SSI 511 


Wsatl£ r Christopher Syte!ccMm KeJway, Dr. et al 




Ly&<snt "fe«hno3ogies (UK) Ltd, 


{71} Applicant: LUCENT TECHNOLOOEES ^C. 


$ Momingfon Road 


Murray HIH, New J srsey ©7974^630 {US) 


WooeSf ord Gr«®n Essex 1GB Of U (GB) 



(ST) A systematic ccsnvolutbna) int#rS&aver arrartg©- 
roertt ihat is oblained by treating the input ssgnats of an 
associated ; error oof recti hQ ancodar as if they had been 
pr^ioterfeiav^d in a verYpaftieuE^^^^ 
of the Input signals of the encoder is not aJtered when it 




European Patent Office 
Office ©urop&m d©s brevets 



ill 



f 11 V 



BP 0 8 



ts transmitted to the cnannel By way of example, ar> in- 
terleave r/dein^ arrangement is tnsciosad that 
uses React Solomon code RS(t 20J16) and" employs 
delay element thanks arid associated routing to inter- 
leave and deimerleave the signals. 




BP 0 013 309 A3 




iurpp^an Patent 



EUROPEAN SEARCH REPORT 



EP 97 39 3741 



DaCU^ENTS CONSSPEBEO TO EE RELEVANT 



F,A 1 €P D ?m 058 A (AT&T CORP-) 
11 .December 199$ (1996-12-11 
* figure I * 



0 6&X 373 A (GENERAL INSTRUMENT 
CORPORATION OF DELAWARE) 
IS «ov.eraber '199'5 : J1995~il~0&) 
v * column 2> line 14 - line 50 * 



* pv.eserc .s«orch report -hast tuesrc drawn up tor ail cfcaims 



to &*mi 



11 



ND3M13/23 

mMi/27 



r^cwNtcA:. maps. 



H03H 



THE HA&IE 



24 S^Gveniber 2800 



Van Staveren, M 



GAT^0R¥:pp:eiT0 : cbcv«erirs;: 

Y: ; part&ijiijly r etevaei! if eo.^bir^l : with Anoiftsr 

:ik>cu;: t-srt: ai flu* r>omi»<ateiic:iy 
. A. ^ twBft^k^^rb^^awM* : 
O ^wvv^-v.e* disclosure 



alter tlK : 4iKr»0L^l«. 
& ; ms*ntSei i m sam* paiftrit Iftma^ cC^e^^rtg'' 



2 



EP 0 813 309 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPUGATiON NO, 



tP 9? m 3741 



This a*>n&x 'thii p&srtt Iswrfy mttrib^ 

Tfw mm$mt£ m 35 contained in tfte Euro^eaii '^slent Ottsce SOf* tile on 

Ths &u^p#^P£&^ rarely give*! far Iht* puff>os« rrf Intam^tfyrc 

24-11-2000 



date 



EP 74S058 



tP 681373 A 



08-11-1995 







Publication 






dale 


US 


5BS8710 A 


27-64-1999 


CA 


2174660 A 


07-12-1996 


JP 


9027753 A 


28-01-1997 


US 


5968208 A 


19-10-1999 


us 


5537420 A 


16-07-1996 


All 


683355 % 


06-11-1997 


Alt 


1784995 A 


09-11-1995 


a 


2146199 A 


05-11-1995 


j? 


0065177 A 


B8-03-1996 


NO 


96171$ A 


©6-11-1995 



% tot mam detail s&sw this aiwie* : see Official JaamaJ itfihe European Patam Offic*, No. 1 ^82 



3 



THIS PAGE BLANK vvq 



